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according to the vibration control target torque and control-
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8 Claims, 13 Drawing Sheets

57 58

) )

VIBRATION CONTROL TARGET INTAKE TARGET THROTTLE
VIBRATION TARGET CYLINDER IR DENSITY OPENING
SENSOR  _,f VIBRATION | i INTAKEAIRAMOUNT [  CALCULATOR [~  CALCULATOR
DETECTION CONTROL CALCULATOR w
VALUE TORQUE i %= THROTTLE
CALCULATOR eh= = Wen VALVE
228 ca /\/ bEZ CONTROL
o5z 82 g0z /7
=3 wr= O
ACGELERATOR BASIC Sgg <C VIBRATION GONTROL FES
OPERATION—={  TARGET g2 TIME TARGET CYLINDER TARGET INTAKE
AMOUNT INGiNe 52 INTAKE AIR AMOUNT AIR DENSITY
TORQUE
CALCULATOR BASIC TARGET TARGET EFFECTIVE TARGET INTAKE
) CYLINDER INTAKE CYLINDER VOLUME VALVE CLOSING
& JRAMOUNT ~ [~ = CALCULATOR [ —{TIMING CALCULATOR
CALCULATOR ww RETARDED VARIABLE
- 53 wo INTAKE
jm 2
g2 B ) VECHANISM
082 gé BASIC TARGET EE CONTROL
22z s £33 TARGETEFFECTIVE
TR | SOWEAY | =3 BIHTE

52

)
53 54



US 9,441,549 B2

Page 2
(51) Int. CL 7,869,931 B2* 1/2011
F02D 9/08 (2006.01) 6010258 B2 2011
F02D 41/30 (2006.01)
FO2D 13/02 (2006.01) 8,010,263 B2* 82011
F02D 9/02 (2006.01) 2003/0075151 Al*  4/2003
(52) US. ClL 2008/0183353 Al* 7/2008
CPC ... F02D 13/0223 (2013.01); F02D 41/0002
(2013.01); FO2D 41/30 (2013.01); FO2D 2009/0145381 Al*  6/2009
13/0226 (2013.01); FO2D 2009/0201 i
(2013.01); FO2D 2041/001 (2013.01); Fo2p 2009017737 AL* 712009
2041/002 (2013.01); FO2D 2200/50 (2013.01): 2000/0293823 AL* 12/2009
F02D 2200/501 (2013.01); FO2D 2250/18 .
(2013.01); F02D 2250/28 (2013.01); Y02T 2010/0114460 AlL* 52010
10/18 (2013.01); Y02T 10/42 (2013.01) 2010/0268436 Al* 10/2010
(56) References Cited 2011/0112734 Al*  5/2011
U.S. PATENT DOCUMENTS 2013/0046455 Al 2/2013

6,553,964 B2* 4/2003 Arai .......cccooviiniinns FO1L 9/04
123/399

6,943,460 B2* 9/2005 Wakashiro ............ B60K 6/485
180/65.26

7,317,978 B2* 1/2008 Ashizawa ............... B60K 6/48
701/51

Satou ....ooveeieennne, F02D 41/123
701/101
Tanaka ........cccooceenene B60K 6/48
701/48
Morris .oooovvvierinns B60K 6/445
701/22
Machida ............. F02D 13/0226
123/399
Post oo B60G 17/0165
701/42
Watanabe ............. B60W 10/06
123/90.15
Reinke ....ccoovvvnene F02D 17/04
701/111
Latz oo FOIL 1/024
123/90.15
AKIMOLO ..oovvvvriienee B60K 6/26
701/111
Soejima .......ooceuee. F02D 37/02
701/102
Whitney ............... B60W 30/20
701/54

Kato

FOREIGN PATENT DOCUMENTS

JP 2009-002285 A
WO WO 2011/142018 Al

* cited by examiner

1/2009
112011



U.S. Patent Sep. 13,2016 Sheet 1 of 13 US 9,441,549 B2

21 54 122121 124
2 o / 31
= —3
A4
|22 | 28
a s 33
| | =
i i \\/\
; !
L. —( )41
CONTROLLER («—( )42
~—(O—43
(
4 |
100



U.S. Patent Sep. 13,2016 Sheet 2 of 13 US 9,441,549 B2

DETERMINE ONE CONFORMING POINT
FROM ISOQUANT CURVE FOR EACH
CYLINDER INTAKE AIR AMOUNT

CYLINDER INTAKE

HIGH 4 AIR AMOUNT
LARGE

. ISOQUANT CURVE ON
= WHICH CYLINDER INTAKE
2 AIRAMOUNTISQE x1 B
)
[n'ed
<
Ll
<
= ISOQUANT CURVE ON
= WHICH CYLINDER INTAKE

AIR AMOUNT IS QE x2 A

-

LARGE

EFFECTIVE CYLINDER VOLUME

FIG.2



U.S. Patent

( START )

S1 Y

Sep. 13, 2016

Sheet 3 of 13

READ VARIOUS
SENSOR VALUES

S2 y

CALCULATE BASIC
TARGET ENGINE
TORQUE

S3 Y

S8 Y

FREQUENCY OF
VERICLE BODY

US 9,441,549 B2

ON-SPRING VIBRATION \No

<INTAKE RESPONSE
DELAY
FREQUENCY?

s9 ’YeS

S Y

CALCULATE
VIBRATION CONTROL
TORQUE

S4 \

CALCULATE
VIBRATION CONTROL
TARGET ENGINE
TORQUE

CALCULATE TARGET
EFFECTIVE CYLINDER
VOLUME BASED ON
BASIC TARGET
CYLINDER INTAKE
AIR AMOUNT

CALCULATE TARGET
INTAKE AIR DENSITY
BASED ON BASIC
TARGET CYLINDER
INTAKE AIR AMOUNT

S10 ¥

S5 \

CALCULATE BASIC
TARGET CYLINDER
INTAKE AIRAMOUNT

S6 Y

CALCULATE
VIBRATION CONTROL
TARGET CYLINDER
INTAKE AIR AMOUNT

S7 \

CALCULATE INTAKE
RESPONSE DELAY
FREQUENCY

CALCULATE TARGET
INTAKE AIR DENSITY
BASED ON VIBRATION
CONTROL TARGET
CYLINDER INTAKE
AIR AMOUNT

S12 y

CALCULATE TARGET
EFFECTIVE CYLINDER
VOLUME BASED ON
VIBRATION CONTROL
TARGET CYLINDER

INTAKE AIR AMOUNT

-
f

S13 Y

CALCULATE TARGET
INTAKE VALVE CLOSING
TIMING BASED ON
TARGET EFFECTIVE
CYLINDER VOLUME
AND CONTROL INTAKE
VALVE VARIABLE
MECHANISM

S14 /

CALCULATE TARGET
THROTTLE OPENING
BASED ON TARGET
INTAKE AIR DENSITY
AND CONTROL
THROTTLE VALVE

Y

(CenD )
FIG.3



U.S. Patent Sep. 13,2016 Sheet 4 of 13 US 9,441,549 B2

,_
=
Py,
@
m
-

EFFECTIVE CYLINDER VOLUME

LARGE
CYLINDER INTAKE AIR AMOUNT

FIG.4



U.S. Patent Sep. 13,2016 Sheet 5 of 13 US 9,441,549 B2

HIGH A

INTAKE AIR DENSITY

HIGH
CYLINDER INTAKE AIR AMOUNT

FIG.5



U.S. Patent

RETARDED

INTAKE VALVE CLOSING TIMING

A

Sep. 13, 2016 Sheet 6 of 13 US 9,441,549 B2

LARGE
EFFECTIVE CYLINDER VOLUME

FIG.6



U.S. Patent Sep. 13,2016 Sheet 7 of 13 US 9,441,549 B2

LARGE A
O
=
=
LLl
o
O
-
|__
|__
©)
0
I
|__
B
HIGH

INTAKE AIR DENSITY

FIG.7



US 9,441,549 B2

Sheet 8 of 13

Sep. 13, 2016

U.S. Patent

A

A

1§

w

oy

ﬂm Mm Nm
INNOWY HIV JNDHOL INIONT 2
Mooy 52| PN YE0NTKo 2 IO IS =
=2 1394V 0ISvE” =3 528
TOMLNOD \. = = SO
WSINYHOINW 392 A= S=3
INTVA 2z Sm S2m
EUAN e = =
F18YIdvA i HOLYINDTYD
OA‘ HOLYINOTYO ONINIL | HOLYINOTVY le INNOWY Y1V
ONISOTO IATVA INNTOA ¥IANITAD IMVLNI YIANITAD
IIVLINI LIONVL JAILO3443 13941 139¥vL OIS
ALISNIQ ¥l LNNOAY HIY HVLNI =
VLN 1FOHYL dIANITAD L39yL - 23S
o7 TOYINOI NOILVHEIA 2 HBW
02> ua% TO<
|\\ mmu_mm om =8
TOMLNOD = \/\ i S22
ANTVA ®fn b= Sk
JTLLOMHL 22X =
m ¥OLYINITVO
OAV MOLYINOTVO | HOLYINOTVY |« LNNOWY ¥IV INVLNI
ONINIJO ALISNIQ HIY ¥3ANITAD 139¥VL
37LLONHL 139uvL IMVLNI 13041 TOYLNOD NOLLYHSIA
85 LS 95

dO0LV1INJ1vD
IN0YOL

3INIONT INNONY
1304Vl l«——NOILYH3dO
JISvd dO01VH3130JVY

d01Y1NJ YD
3N0YHOL ANTVA
TOHINOD NOILO313d
NOILVHEIA [ JOSN3S
$ NOILVHAIA

Gg



US 9,441,549 B2

Sheet 9 of 13

Sep. 13, 2016

U.S. Patent

I

-l

|

ﬂm mﬁm @wm
LNNOWY ¥ =45
MODEIW =2 | |pEINE0NTM 2 ML SH3
=<3 1394vLOISve ©A M=
._A_uEzo%s_ \\ Wmﬁ mm 502
WSINVYHD = ~om =8
INVINI ®m =9 Z70
379VIdvA (304vi3y g YOLYINOTYD
OAl HOLVYINDTYD ONINIL | HOLVINO VO LINNOWY IV IMVLINI
ONISOTD IATVA INNTOA ¥3ANMAD Y3ANITAD LIONVL
INVLNI 1IOMYL ENIREEEENERNE TOYLNOD NOILYHEIA
ALISNIA MY INNOWY ¥IY IWVINI INDHOLINIONT 2,
INVLINI 13OMYL YIANITAD LIONYL LIOWYLDISYE 2
oF TOYINOD NOILYHEIA 22 DZD
dUOV HUG V_ljo
M=o ()] =
|.K =96 oI o2z
TO¥INOD == \/\ i S22
JNTYA Om nlbnm I_W_.I__._
J1LLOYHL 2z m
m HMOLYINDTVO
( )= downowo |« HOLYINDTVYD INNOWY MY
ONINIHO ALISNIQ HIY IAMYLNI HIANITAD
J1LLONHL 139¥VL INVLNI LIONYL 1394VL JISvg
86 LS s

mwm
d0.LvINI VO
3N0H0OL dNTVA
1OHLNOD NOILO313d
NOILYHEIA [ dOSN3S
NOILYHEIA
dOLVINOVO
3N0YOL
ANIONS INNOWY
139Y¥VYL  |«——NOILYH3d0
aIsvd HOLVH3 1300V

|

G



U.S. Patent Sep. 13, 2016 Sheet 10 of 13 US 9,441,549 B2

WHEN FREQUENCY fbody OF VEHICLE BODY ON-SPRING VIBRATION
< INTAKE RESPONSE DELAY FREQUENCY fair

ACTUAL EFFECTIVE
LARGEX  CVLINDER VOLUME

(A) EFFECTIVE
CYLINDER VOLUME . §

““~TARGET EFFECTIVE CYLINDER VOLUME

|
i
{

- X
TARGET INTAKE AIR DENSITY

/' ACTUAL INTAKE AIR DENSITY

(B) INTAKE AIR DENSITY |
(INTAKE AIR PRESSURE)

HIGH

LARGEA ~AMOUNT

ALMOST NO DEVIATION
BETWEEN ACTUAL
VARIATION AND
TARGET VARIATION

(C) CYLINDER INTAKE
AIR AMOUNT

TIME

FIG.10



U.S. Patent Sep. 13,2016 Sheet 11 of 13 US 9,441,549 B2

WHEN FREQUENCY fbody OF YEHICLE BODY ON-SPRING VIBRATION
= INTAKE RESPONSE DELAY FREQUENCY fair

ACTUAL EFFECTIVE
-ARGEA  CY| INDER VOLUME

(A) EFFECTIVE

CYLINDER VOLUME ;, | §
TARGET EFFECTIVE | § .
CYLINDERVOLUME | oo
HIGH & |
(B) INTAKE AIR DENSITY ACTUAL INTAKE AIR DENSITY

(INTAKE AIR PRESSURE) |/ : |

-

“*~TARGET INTAKE AIR DENSITY

(C) CYLINDER INTAKE |

AIR AMOUNT ‘ |
TARGET CYLINDER
INTAKE AIR AMOUNT

} 3 »
ACTUAL CYLINDER | ALMOST NO DEVIATION
INTAKEAIR | | BETWEEN ACTUAL
LARGEA “AMOUNT | VARIATION AND
| TARGET VARIATION

TIME

FIG.11



US 9,441,549 B2

U.S. Patent Sep. 13,2016 Sheet 12 of 13
START 01 1
s1

READ VARIOUS
SENSOR VALUES

52 !

CALCULATE BASIC
TARGET ENGINE
TORQUE

s3 Y

CALCULATE
VIBRATION CONTROL
TORQUE

s4 !

CALCULATE
VIBRATION CONTROL
TARGET ENGINE
TORQUE

S5 !

CALCULATE BASIC
TARGET CYLINDER
INTAKE AIRAMOUNT

S6 !

CALCULATE
VIBRATION CONTROL
TARGET CYLINDER
INTAKE AIR AMOUNT

CALCULATE VIBRATION CONTROL TARGET
EFFECTIVE CYLINDER VOLUME AND
VIBRATION CONTROL TARGET INTAKE AIR
DENSITY BASED ON VIBRATION CONTROL
TARGET CYLINDER INTAKE AIR AMOUNT

S8 !
VEHICLE BODY
CALCULATE TARGET
ON-SPRING VIBRATION\No| [ INTAKE AIR DENSITY
<INTAKE RESPONSE BASED ON BASIC
DELAY TARGET CYLINDER
FREQUENCY? INTAKE AIR AMOUNT
S9 yYes 524 !
CALCULATE TARGET CALCULATE SECOND
EFFECTIVE CYLINDER DIFFERENTIAL INTAKE
VOLUME BASED ON AIR AMOUNT
BASIC TARGET S5 ‘
CYLINDER INTAKE
AIR AMOUNT CALCULATE TARGET
S92 ! EFFECTIVE CYLINDER
VOLUME BASED ON
CALCULATE FIRST SECOND CORRECTED
DIFFERENTIAL INTAKE VIBRATION CONTROL
AIR AMOUNT TARGET CYLINDER
523 + INTAKE AIR AMOUNT

CALCULATE TARGET INTAKE AIR

S7 !

CALCULATE INTAKE
RESPONSE DELAY
FREQUENCY

DENSITY BASED ON FIRST
CORRECTED VIBRATION

INTAKE AIR AMOUNT

CONTROL TARGET CYLINDER

S13 v

CALCULATE TARGET INTAKE VALVE CLOSING
TIMING BASED ON TARGET EFFECTIVE
CYLINDER VOLUME AND CONTROL INTAKE
VALVE VARIABLE MECHANISM

S14 !

CALCULATE TARGET THROTT

BASED ON TARGET INTAKE AIR DENSITY
AND CONTROL THROTTLE VALVE

LE OPENING

END

FIG.12



U.S. Patent She

Sep. 13, 2016

LARGE

(A) TARGET
CYLINDER
INTAKE AIR
AMOUNT

et 13 of 13 US 9,441,549 B2

CHARGING
EFFICIENCY
ORIENTED
SETTING AREA

PUMP LOSS
REDUCTION

JESEESUEVEP Y PP SN .

LARGE 4 ACTUAL EFFECTIVE
CYLINDER VOLUME

(B) EFFECTIVE

ORIENTED
SETTING AREA

SETTING TO PROVIDE HIGH
CHARGING EFFICIENCY

e e e e e e i —_——————

i N
TARGET "\ |
EFFECTIVE—] g -
CYLINDER VOLUME! |
X
HIGH #l\,gTTAU}é\EL ! SEETSTIN% CL%SFETD%ATMP%SJSESISCS
(C) INTAKEAIR | AIRDENSITY | R 89 = TO REDUCE
DENSITY ‘ g
INTAKE AIR 2NN
RESSURE) D LR
~----TARGET INTAKE AIR DENSITY
ACTUAL CYLINDER|

INTAKE AIR
LARGE A AMOUNT

ACTUAL VARIATION BECOMES
LARGER THAN TARGET
VARIATION

(D) CYLINDER
INTAKE
AIR AMOUNT

[
[
f
i
]
]
[}
|
|
[}
[}
|
!
1
i
1
i
i
!
-

TARGET CYLINDER INTAK

R

E AIR AMOUNT
. $o-

TIME

FIG.13



US 9,441,549 B2

1
CONTROL DEVICE FOR INTERNAL
COMBUSTION ENGINE

TECHNICAL FIELD

The prevent invention relates to a control device for
internal combustion engine.

BACKGROUND ART

JP2003-120343 A discloses a conventional control device
for internal combustion engine in which an intake air
amount is adjusted by controlling both a throttle valve and
an intake valve variable mechanism so as to achieve a target
torque calculated based on an operating state of an internal
combustion engine.

SUMMARY OF INVENTION

One of methods for suppressing vehicle body vibration is
a method for reducing vehicle body vibration by superim-
posing a vibration component for suppressing vehicle body
vibration on a target torque to periodically vary an engine
torque.

However, in the case of the conventional control device
for internal combustion engine described above, a vibration
component for suppressing vehicle body vibration is super-
imposed on control target values of both the throttle valve
and the intake valve variable mechanism if both the throttle
valve and the intake valve variable mechanism are con-
trolled by superimposing the vibration component capable
of suppressing vehicle body vibration on a target torque to
control the vibration of a vehicle body.

Here, an intake air density in an intake manifold (intake
air density downstream of the throttle valve) changes with a
predetermined intake response delay after the throttle valve
is controlled. On the other hand, a cylinder volume at an
intake valve closing timing (hereinafter, referred to as an
“effective cylinder volume”) changes at the same time as the
intake valve variable mechanism is controlled.

Thus, if the vibration component for suppressing vehicle
body vibration is superimposed on the control target values
of both the throttle valve and the intake valve variable
mechanism, there has been a problem that a phase difference
is created between the vibration components superimposed
on the both due to response speed differences of the intake
air density and the effective cylinder volume, a desired
engine torque cannot be obtained and vehicle body vibration
cannot be suppressed.

The present invention was developed in view of such a
problem and aims to obtain a desired engine torque variation
and suppress vehicle body vibration by appropriately con-
trolling a throttle valve and an intake valve variable mecha-
nism.

According to one aspect of the present invention, a control
device for internal combustion engine mounted in a vehicle
is provided which includes a throttle valve provided in an
intake passage of the internal combustion engine and
capable of changing a cross-sectional area of the intake
passage, a variable valve capable of changing opening and
closing timings of an intake valve of the internal combustion
engine, basic target torque calculation means for calculating
a basic target torque of the internal combustion engine
according to an operating state of the internal combustion
engine, vibration control target torque calculation means for
calculating a vibration control target torque of the internal
combustion engine to suppress vehicle vibration according
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2

to a vibration component of the vehicle, and cylinder intake
air amount control means for controlling one of the throttle
valve and the variable valve according to the vibration
control target torque and controlling the other of the throttle
valve and the variable valve according to the basic target
torque.

Embodiments and advantages of the present invention are
described in detail below with reference to the accompany-
ing drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic configuration diagram of a vibration
control device of a vehicle according to a first embodiment,

FIG. 2 is a graph showing each isoquant curve of a
cylinder intake air amount when a vertical axis represents
intake air density in an intake manifold and a horizontal axis
represents effective cylinder volume,

FIG. 3 is a flow chart showing an engine control for
suppressing vehicle body vibration according to the first
embodiment of the present invention,

FIG. 4 is a table for calculating the effective cylinder
volume based on the cylinder intake air amount,

FIG. 5 is a table for calculating an intake air density based
on the cylinder intake air amount,

FIG. 6 is a table for calculating a target intake valve
closing timing based on a target effective cylinder volume,

FIG. 7 is a table for calculating a target throttle opening
based on a target intake air density,

FIG. 8 is a block diagram showing contents of the engine
control for suppressing vehicle body vibration according to
the first embodiment of the present invention,

FIG. 9 is a block diagram showing contents of the engine
control for suppressing vehicle body vibration according to
the first embodiment of the present invention,

FIGS. 10(A)-10(C) are time charts showing the operation
of the engine control for suppressing vehicle body vibration
according to the first embodiment of the present invention,

FIGS. 11(A)-11(C) are time charts showing the engine
control for suppressing vehicle body vibration according to
the first embodiment of the present invention,

FIG. 12 is a flow chart showing an engine control for
suppressing vehicle body vibration according to a second
embodiment of the present invention, and

FIGS. 13(A)-13(D) are charts showing a problem by a
comparative example.

DESCRIPTION OF EMBODIMENT
First Embodiment

FIG. 1 is a schematic configuration diagram of an engine
control device 100 according to a first embodiment of the
present invention.

The engine control device 100 includes an engine 1, an
intake device 2, an exhaust device 3 and a controller 4.

The engine 1 includes a cylinder block 11 and a cylinder
head 12.

The cylinder block 11 includes a cylinder part 11a and a
crank case part 115.

The cylinder part 1la is formed with a plurality of
cylinders 110. A piston 111 which reciprocates in the cyl-
inder 110 upon receiving a combustion pressure is housed in
the cylinder 110.

The crank case part 115 is formed below the cylinder part
11a. The crank case part 115 rotatably supports a crankshaft
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112. The crankshaft 112 translates reciprocal movements of
the pistons 111 into rotational movements via conrods 113.

The cylinder head 12 is mounted on the upper surface of
the cylinder block 11 and forms parts of combustion cham-
bers 13 together with the cylinders 110 and the pistons 111.

The cylinder head 12 is formed with intake ports 120
connected to the intake device 2 and open on the top walls
of the combustion chambers 13 and exhaust ports 121
connected to the exhaust device 3 and open on the top walls
of the combustion chambers 13, and ignition plugs 122 are
provided to face the centers of the top walls of the combus-
tion chambers 13. Further, the cylinder head 12 includes
intake valves 123 for opening and closing openings between
the combustion chambers 13 and the intake ports 120 and
exhaust valves 124 for opening and closing openings
between the combustion chambers 13 and the exhaust ports
121. Further, the cylinder head 12 includes intake valve
variable mechanisms 125 capable of driving to open and
close the intake valves 123 and setting arbitrary opening and
closing timings of the intake valves 123 and exhaust valve
variable mechanisms 126 capable of driving to open and
close the exhaust valves 124 and setting arbitrary opening
and closing timings of the exhaust valves 124.

A VVEL (Variable Valve Event & Lift) capable of con-
tinuously enlarging/reducing a lift/operation angle of the
intake valve 123 and continuously retarding/advancing a lift
center angle of the intake valve 123, a VIC (Valve Timing
Control) capable of continuously retarding/advancing the
lift center angle of the intake valve 123 or the like can be
used as the intake valve variable mechanism 125. A mecha-
nism similar to the intake valve variable mechanism 125 can
be used as the exhaust valve variable mechanism 126.

The intake device 2 includes an air cleaner 21, an intake
passage 22, an air flow meter 23, an electronically controlled
throttle valve 24, an intake manifold 25 and fuel injection
valves 26.

The air cleaner 21 removes foreign substances such as
sand contained in intake air.

The intake passage 22 introduces the intake air flowing
via the air cleaner 21 to the intake manifold 25.

The air flow meter 23 detects an intake air amount.

The throttle valve 24 adjusts an intake air density (intake
air pressure) in the intake manifold 25 by changing a passage
cross-sectional area of the intake passage 22. The throttle
valve 24 is driven to be opened and closed by a throttle
actuator 27 and an opening thereof (hereinafter, referred to
as a “throttle opening™) is detected by a throttle sensor 28.

The intake manifold 25 is connected to the intake ports
120 of the engine 1 and introduces the intake air flowing via
the throttle valve 24 equally into each cylinder 110.

The fuel injection valve 26 injects fuel toward the intake
port 120 according to an operating state of the engine 1.

The exhaust device 3 includes an exhaust manifold 31, an
exhaust passage 32 and a three-way catalyst 33.

The exhaust manifold 31 discharges exhaust air dis-
charged from each cylinder 110 to the exhaust passage 32
after collecting it.

The exhaust passage 32 discharges the exhaust air dis-
charged from the exhaust manifold 31 to outside air via the
three-way catalyst 33 and a muffler (not shown).

The three-way catalyst 33 removes toxic substances such
as hydrocarbon and nitrogen oxides in the exhaust air.

The controller 4 is configured by a microcomputer includ-
ing a central processing unit (CPU), a read-only memory
(ROM), a random access memory (RAM) and an input/
output interface (I/O interface).
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To the controller 4 are input signals from various sensors
for detecting the operating state of the vehicle such as an
engine rotation speed sensor 41 for detecting an engine
rotation speed based on a crank angle, an accelerator pedal
stroke sensor 42 for detecting a depression amount of an
accelerator pedal as an engine load (hereinafter, referred to
as an “accelerator operation amount”) and a vibration sensor
43 for detecting a vibration component (vibration frequency
and amplitude) of vehicle body on-spring vibration such as
vibration in a vehicle body pitch direction generated during
the travel of the vehicle besides detection signals from the
air flow meter 23 and the throttle sensor 28 described above.

A method for superimposing a vibration component
capable of reducing vehicle body on-spring vibration on an
engine torque is known as a method for reducing the vehicle
body on-spring vibration. In this method, a torque obtained
by superimposing a vibration control torque for suppressing
vehicle body vibration calculated according to the vehicle
body on-spring vibration on a basic target engine torque
determined according to the accelerator operation amount is
calculated as a final target engine torque. Then, a target
cylinder intake air amount is calculated according to the
target engine torque and the cylinder intake air amount is
adjusted to achieve a target cylinder intake air amount.

Here, the cylinder intake air amount can be thought to be
obtained by multiplying the intake air density (intake air
pressure) in the intake manifold 25 that changes according
to the throttle opening by the effective cylinder volume that
changes depending on the intake valve closing timing. Thus,
in the engine including the intake valve variable mecha-
nisms 125, fuel economy and acceleration performance can
be improved by determining optimal intake air density
(target throttle opening) and effective cylinder volume (tar-
get intake valve closing timing) as one conforming point
from each isoquant curve in advance for each cylinder intake
air amount by an experiment or the like as shown in FIG. 2,
considering fuel economy, acceleration performance and the
like.

FIG. 2 is a graph showing each isoquant curve of the
cylinder intake air amount when a horizontal axis represents
the effective cylinder volume and a vertical axis represents
the intake air density in the intake manifold 25.

For example, when it is desired to adjust the cylinder
intake air amount to Qexl1, i.e. when the target cylinder
intake air amount is small (when the engine load is low), a
point where the intake air density is relatively high out of an
isoquant curve A on which the cylinder intake air amount is
Qex1 is selected as one conforming point. That is, the intake
air pressure in the intake manifold 25 is brought closer to an
atmospheric pressure by increasing the throttle opening.
Since a pump loss when the engine load is low can be
reduced in this way, fuel economy can be improved.

On the other hand, when it is desired to adjust the cylinder
intake air amount to Qex2, i.e. when the target cylinder
intake air amount is large (when the engine load is high), a
point where the effective cylinder volume is relatively large
out of an isoquant curve B on which the cylinder intake air
amount is Qex2 is selected as one conforming point. Since
charging efficiency when the engine load is high can be
enhanced in this way, acceleration performance can be
improved.

However, it was found that a problem of being unable to
obtain a desired vibration control effect occurred if the target
cylinder intake air amount was calculated based on the target
engine torque obtained by superimposing the vibration con-
trol torque on the basic target engine torque to reduce the
vehicle body on-spring vibration and a control was executed
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to achieve the intake air density and the effective cylinder
volume determined as one conforming point in advance to
achieve the target cylinder intake air amount.

FIGS. 13(A)-13(D) are charts showing this problem.

The vibration control torque for suppressing vehicle body
vibration calculated according to the vehicle body on-spring
vibration periodically increases and decreases since it can-
cels the vehicle body on-spring vibration. Thus, the target
engine torque obtained by adding the vibration control
torque to the basic target engine torque also periodically
increases and decreases. As a result, as shown in FIG. 13(A),
the target cylinder intake air amount calculated according to
the target engine torque also periodically increases and
decreases.

Then, if the target effective cylinder volume and the target
intake air density are set from a map shown in FIG. 2 based
on this target cylinder intake air amount, the target effective
cylinder volume and the target intake air density respec-
tively periodically increase and decrease as shown in FIGS.
13(B) and 13(C). That is, the vibration component for
reducing the vehicle body on-spring vibration is superim-
posed on each of the target effective cylinder volume and the
target intake air density.

Here, the effective cylinder volume changes at the same
time as the intake valve closing timing is changed by the
intake valve variable mechanism 125. Thus, as shown in
FIG. 13(B), an actual effective cylinder volume changes to
the target effective cylinder volume at the same time as the
intake valve variable mechanism 125 is so controlled that
the effective cylinder volume reaches the target effective
cylinder volume.

On the other hand, the intake air density in the intake
manifold 25 changes with a predetermined response delay
after the throttle opening is changed. Thus, as shown in FIG.
13(C), an actual intake air density changes to the target
intake air density after the elapse of a predetermined time
after the throttle valve 24 is so controlled that the intake air
density reaches the target intake air density.

As just described, since there is a difference between
changing speeds of the effective cylinder volume and the
intake air density, a variation of the actual cylinder intake air
amount is larger than that of the target cylinder intake air
amount as shown in FIG. 13(D) if the vibration component
for reducing the vehicle body on-spring vibration is super-
imposed on each of the target effective cylinder volume and
the target intake air density. As a result, an actual engine
torque variation becomes larger than a targeted engine
torque variation, i.e. an engine torque variation capable of
obtaining a vibration control effect, whereby a desired
vibration control effect cannot be obtained.

Accordingly, in the present embodiment, only either the
effective cylinder volume or the intake air density is peri-
odically increased and decreased. That is, the vibration
component for reducing the vehicle body on-spring vibra-
tion is superimposed only on either the target effective
cylinder volume or the target intake air density. An engine
control for suppressing vehicle body vibration according to
the present embodiment is descried below.

FIG. 3 is a flow chart showing the engine control for
suppressing vehicle body vibration according to the present
embodiment.

In Step S1, the controller 4 reads detection values of
various sensors described above.

In Step S2, the controller 4 calculates the basic target
engine torque based on the accelerator operation amount.
The basic target engine torque increases with an increase in
the accelerator operation amount.
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In Step S3, the controller 4 calculates the vibration control
torque having a vibration component (vibration frequency
and amplitude) capable of canceling the vehicle body on-
spring vibration based on the vehicle body on-spring vibra-
tion. The vibration control torque is associated with a
periodic variation.

In Step S4, the controller 4 calculates a vibration control
target engine torque by adding the vibration control torque
to the basic target engine torque.

In Step S5, the controller 4 calculates the basic target
cylinder intake air amount based on the basic target engine
torque. The basic target cylinder intake air amount is a
cylinder intake air amount necessary for the engine torque to
reach the basic target engine torque.

In Step S6, the controller 4 calculates a vibration control
target cylinder intake air amount based on the vibration
control target engine torque. The vibration control target
cylinder intake air amount is a cylinder intake air amount
necessary for the engine torque to reach the basic target
engine torque.

In Step S7, the controller 4 refers to a map determined in
advance by an experiment or the like and calculates an
intake response delay frequency f,, according to the engine
rotation speed and the accelerator operation speed (engine
load). Here, the intake response delay frequency f,,, is a
value defined by the following equation (1) when T denotes
a response delay time constant of an intake air density
change when the throttle opening is changed.

Jair=UT M

In Step S8, the controller 4 determines whether or not a
frequency f,,,,, of the vehicle body on-spring vibration is
below the intake response delay frequency f, . The control-
ler 4 performs processings of Step S9 and subsequent Steps
to superimpose the vibration component only on the intake
air density if the frequency f,,,, of the vehicle body on-
spring vibration is below the intake response delay fre-
quency ;.. On the other hand, processings of Step S11 and
subsequent Steps are performed to superimpose the vibra-
tion component only on the effective cylinder volume if the
frequency 1, ,, of the vehicle body on-spring vibration is not
below the intake response delay frequency f,,.

It should be noted that the superimposition of the vibra-
tion component is switched between the intake air density
and the effective cylinder volume according to the frequency
{,0q Of the vehicle body on-spring vibration for the follow-
ing reason.

Although the effective cylinder volume does not change
even if the intake air density changes, the intake air density
changes, thought only to a small extent, if the effective
cylinder volume changes.

Here, if the frequency 1, of the vehicle body on-spring
vibration is not below the intake response delay frequency
f ... a frequency of the vibration control torque for reducing
the vehicle body on-spring vibration becomes relatively high
and the vibration control torque periodically and rapidly
varies. Thus, even if the effective cylinder volume is peri-
odically varied by superimposing the vibration component
on the effective cylinder volume, the effective cylinder
volume periodically and rapidly varies before the intake air
density changes in response to a change of the effective
cylinder volume, wherefore the intake air density hardly
varies.

Further, since the vibration control torque periodically
and rapidly varies, the generated vehicle body on-spring
vibration can be more rapidly reduced by superimposing the
vibration component on the effective cylinder volume that
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varies without a response delay than by superimposing the
vibration component on the intake air density that varies
with a predetermined response delay.

On the other hand, when the frequency f,,,,, of the vehicle
body on-spring vibration is below the intake response delay
frequency f,,, the frequency of the vibration control torque
for reducing the vehicle body on-spring vibration becomes
relatively low and a periodic variation of the vibration
control torque becomes moderate. Thus, if the vibration
component is superimposed on the effective cylinder vol-
ume, a periodic variation of the effective cylinder volume
also becomes moderate. Thus, when the cylinder volume
periodically varies, the intake air density also changes in
response to a change of the effective cylinder volume. Then,
the intake air density periodically varies as the effective
cylinder volume periodically varies, whereby both the effec-
tive cylinder volume and the intake air density periodically
vary. As a result, a desired engine torque variation cannot be
obtained and a desired vibration control effect cannot be
obtained.

Accordingly, the vibration component is superimposed on
the effective cylinder volume when the frequency f;,,, of the
vehicle body on-spring vibration is not below the intake
response delay frequency f,,, while being superimposed on
the intake air density when the frequency f,,, of the vehicle
body on-spring vibration is below the intake response delay
frequency £,,.

In Step S9, the controller 4 refers to a table of FIG. 4 and
calculates the target effective cylinder volume based on the
basic target cylinder intake air amount. The table of FIG. 4
is a table obtained by plotting the effective cylinder volume
determined as one conforming point for each cylinder intake
air amount described with reference to the map of FIG. 2
with the cylinder intake air amount as a horizontal axis.

In Step S10, the controller 4 refers to a table of FIG. 5 and
calculates the target intake air density based on the vibration
control target cylinder intake air amount. The table of FIG.
5 is a table obtained by plotting the intake air density
determined as one conforming point for each cylinder intake
air amount described with reference to the map of FIG. 2
with the cylinder intake air amount as a horizontal axis.

In Step S11, the controller 4 refers to the table of FIG. 5
and calculates the target intake air density based on the basic
target cylinder intake air amount.

In Step S12, the controller 4 refers to the table of FIG. 4
and calculates the target effective cylinder volume based on
the vibration control target cylinder intake air amount.

In Step S13, the controller 4 refers to the table of FIG. 6
and calculates the target intake valve closing timing based
on the target effective cylinder volume. Then, the intake
valve variable mechanism 125 is so controlled that the
intake valve closing timing reaches the target intake valve
closing timing.

In Step S14, the controller 4 refers to a table of FIG. 7 and
calculates a target throttle opening based on the target intake
air density. Then, the throttle valve 24 is so controlled that
the throttle opening reaches the target throttle opening.

FIG. 8 is a block diagram showing contents of the engine
control for suppressing vehicle body vibration when the
frequency f,,,,, of the vehicle body on-spring vibration is
below the intake response delay frequency f,,.

The accelerator operation amount detected by the accel-
erator pedal stroke sensor is input to a basic target engine
torque calculator 51. The basic target engine torque calcu-
lator 51 calculates the basic target engine torque based on
the accelerator operation amount.
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The basic target engine torque is input to a basic target
cylinder intake air amount calculator 52. The basic target
cylinder intake air amount calculator 52 calculates the basic
target cylinder intake air amount based on the basic target
engine torque.

The basic target cylinder intake air amount is input to a
target effective cylinder volume calculator 53. The target
effective cylinder volume calculator 53 calculates the target
effective cylinder volume based on the basic target cylinder
intake air amount.

The target effective cylinder volume is input to a target
intake valve closing timing calculator 54. The target intake
valve closing timing calculator 54 calculates the target
intake valve closing timing based on the target effective
cylinder volume. Then, the intake valve variable mechanism
125 is so controlled that the intake valve closing timing
reaches this target intake valve closing timing.

The vibration component (frequency and amplitude) of
the vehicle body on-spring vibration detected by the vibra-
tion sensor 43 is input to a vibration control torque calculator
55. The vibration control torque calculator 55 calculates the
vibration control torque to be superimposed on the basic
target engine torque based on the vibration component of the
vehicle body on-spring vibration.

The basic target engine torque and the vibration control
torque are input to a vibration control target cylinder intake
air amount calculator 56. The vibration control target cyl-
inder intake air amount calculator 56 calculates the vibration
control target cylinder intake air amount based on the
vibration control target engine torque obtained by superim-
posing the vibration control torque on the basic target engine
torque.

The vibration control target cylinder intake air amount is
input to a target intake air density calculator 57. The target
intake air density calculator 57 calculates the target intake
air density based on the vibration control target cylinder
intake air amount.

The target intake air density is input to a target throttle
opening calculator 58. The target throttle opening calculator
58 calculates the target throttle opening based on the target
intake air density. Then, the throttle valve 24 is so controlled
that the throttle opening reaches this target throttle opening.

FIG. 9 is a block diagram showing contents of the engine
control for suppressing vehicle body vibration when the
frequency f,,, ,, of the vehicle body on-spring vibration is not
below the intake response delay frequency f,,.

As shown in FIG. 9, when the frequency {,,,, of the
vehicle body on-spring vibration is not below the intake
response delay frequency f,, . the vibration control target
cylinder intake air amount is input to the target effective
cylinder volume calculator 53 and the target effective cyl-
inder volume is calculated based on the vibration control
target cylinder intake air amount. Then, the basic target
cylinder intake air amount is input to the target intake air
density calculator 57 and the target intake air density is
calculated based on the basic target cylinder intake air
amount.

FIGS. 10(A)-10(C) are time charts showing the operation
of the engine control for suppressing vehicle body vibration
when the frequency f,,,, of the vehicle body on-spring
vibration is below the intake response delay frequency f,, in
a steady state where the accelerator operation amount is
constant.

When the frequency 1, of the vehicle body on-spring
vibration is below the intake response delay frequency f,,,
the effective cylinder volume is controlled to reach the target
effective cylinder volume calculated based on the basic
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target cylinder intake air amount. The basic target cylinder
intake air amount is a value which changes according to the
accelerator operation amount. Accordingly, as shown in
FIG. 10(A), the basic target cylinder intake air amount is
also constant and the target effective cylinder volume cal-
culated based on the basic target cylinder intake air amount
is also constant in the steady state where the accelerator
operation amount is constant.

On the other hand, the intake air density is controlled to
reach the target intake air density calculated based on the
vibration control target cylinder intake air amount. The
vibration control target cylinder intake air amount is calcu-
lated based on the vibration control target engine torque
obtained by superimposing the vibration control torque,
which periodically varies, as the vibration component for
reducing the vehicle body on-spring vibration on the basic
target engine torque. Thus, as shown in FIG. 10(B), the
target intake air density calculated based on the vibration
control target cylinder intake air amount also periodically
varies and the actual intake air density periodically varies
with a predetermined response delay with respect to the
target intake air density.

As just described, when the frequency T, of the vehicle
body on-spring vibration is below the intake response delay
frequency f,,, the target effective cylinder volume is calcu-
lated based on the basic target cylinder intake air amount and
the target intake air density is calculated based on the
vibration control target cylinder intake air amount. In this
way, only the intake air density can be periodically varied
while the effective cylinder volume is kept controlled to be
constant.

Thus, as shown in FIG. 10(C), a variation of the actual
cylinder intake air amount obtained by multiplying the
actual intake air density by the actual effective cylinder
volume does not become larger than that of the vibration
control target cylinder intake air amount. Therefore, a
desired engine torque variation can be obtained and a
desired vibration control effect can be obtained.

Further, when the frequency f;,,, of the vehicle body
on-spring vibration is below the intake response delay
frequency £, only the intake air density is periodically
varied, thereby preventing the intake air density from peri-
odically varying as the effective cylinder volume periodi-
cally varies and, hence, preventing both the effective cylin-
der volume and the intake air density from periodically
varying. Thus, a desired vibration control effect can be more
reliably obtained.

FIGS. 11(A)-11(C) are time charts showing the operation
of the engine control for suppressing vehicle body vibration
when the frequency f,,,, of the vehicle body on-spring
vibration is not below the intake response delay frequency
f,, in the steady state where the accelerator operation
amount is constant.

When the frequency f,,,, of the vehicle body on-spring
vibration is not below the intake response delay frequency
f,..» the effective cylinder volume is controlled to reach the
target effective cylinder volume calculated based on the
vibration control target cylinder intake air amount. Thus, as
shown in FIG. 11(A), the target effective cylinder volume
periodically varies and, associated with that, the actual
effective cylinder volume periodically varies without almost
any delay.

On the other hand, the intake air density is controlled to
reach the target intake air density calculated based on the
basic target cylinder intake air amount. Thus, as shown in
FIG. 11(B), the target intake air density and the actual intake
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air density are constant in the steady state where the accel-
erator operation amount is constant.

As just described, when the frequency {,,,,,, of the vehicle
body on-spring vibration is not below the intake response
delay frequency f,,, the target intake air density is calcu-
lated based on the basic target cylinder intake air amount and
the target effective cylinder volume is calculated based on
the vibration control target cylinder intake air amount. In
this way, only the effective cylinder volume can be periodi-
cally varied while the intake air density is kept controlled to
be constant.

Thus, as shown in FIG. 11(C), a variation of the actual
cylinder intake air amount obtained by multiplying the
actual intake air density by the actual effective cylinder
volume does not become larger than that of the vibration
control target cylinder intake air amount. Therefore, a
desired engine torque variation can be obtained and a
desired vibration control effect can be obtained.

Further, when the frequency f,,,, of the vehicle body
on-spring vibration is not below the intake response delay
frequency f,,, the vibration control target cylinder intake air
amount periodically and rapidly varies. The generated
vehicle body on-spring vibration can be rapidly reduced by
superimposing the vibration component only on the effective
cylinder volume that varies without any response delay.

Second Embodiment

Next, a second embodiment of the present invention is
described with reference to FIG. 12. The present embodi-
ment differs from the first embodiment in that a target
cylinder volume or a target intake air density is calculated
based on a corrected vibration control target cylinder intake
air amount. The following description is made, centering on
that point of difference. It should be noted that parts achiev-
ing functions similar to those of the first embodiment
described above are denoted by the same reference signs and
not repeatedly described in each following embodiment.

As in the first embodiment, only an intake air density
periodically varies, for example, when a target cylinder
volume is calculated based on a basic target cylinder intake
air amount and a target intake air density is calculated based
on a vibration control target cylinder intake air amount.
Thus, the occurrence of deviation between an actual engine
torque variation and a targeted engine torque variation due
to a response delay of the intake air density can be sup-
pressed.

However, a cylinder intake air amount (estimated cylinder
intake air amount) obtained by multiplying the target cyl-
inder volume calculated based on the basic target cylinder
intake air amount and the target intake air density calculated
based on the vibration control target cylinder intake air
amount is not the vibration control target cylinder intake air
amount. Thus, there is slight deviation between the actual
engine torque variation and the targeted engine torque
variation although this deviation is not as much as the one
that occurs due to the response delay of the intake air
density.

Accordingly, in the present embodiment, the target cyl-
inder volume or the target intake air density is corrected
based on a corrected vibration control target cylinder intake
air amount so as not to cause such deviation. An engine
control for suppressing vehicle body vibration according to
this embodiment is described below.

FIG. 12 is a flow chart showing the engine control for
suppressing vehicle body vibration according to the present
embodiment.
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In Step S21, the controller 4 refers to the map of FIG. 2
and calculates a vibration control target effective cylinder
volume and a vibration control target intake air density
determined as one conforming point in advance based on the
vibration control target cylinder intake air amount.

In Step S22, the controller 4 calculates a difference
(hereinafter, referred to as a “first differential intake air
amount”) between a cylinder intake air amount (estimated
cylinder intake air amount) obtained by multiplying the
target effective cylinder volume by the vibration control
target intake air density and the vibration control target
cylinder intake air amount. The first differential intake air
amount is a deviation amount of the intake air amount
between an actual cylinder intake air amount and the vibra-
tion control target cylinder intake air amount caused by
calculating the target effective cylinder volume not based on
the vibration control target cylinder intake air amount, but
based on the basic target cylinder intake air amount.

In Step S23, the controller 4 calculates the target intake air
density based on a first corrected vibration control target
cylinder intake air amount obtained by adding the first
differential intake air amount to the vibration control target
cylinder intake air amount.

In Step S24, the controller 4 calculates a difference
(hereinafter, referred to as a “second differential intake air
amount”) between a cylinder intake air amount (estimated
cylinder intake air amount) obtained by multiplying the
target intake air density by the vibration control target
effective cylinder volume and the vibration control target
cylinder intake air amount. The second differential intake air
amount is a deviation amount of the intake air amount
between the actual cylinder intake air amount and the
vibration control target cylinder intake air amount caused by
calculating the target intake air density not based on the
vibration control target cylinder intake air amount, but based
on the basic target cylinder intake air amount.

In Step S25, the controller 4 calculates the target effective
cylinder volume based on a second corrected vibration
control target cylinder intake air amount obtained by adding
the second differential intake air amount to the vibration
control target cylinder intake air amount.

As just described, when the frequency f,,,,, of the vehicle
body on-spring vibration is below the intake response delay
frequency f,,, the target effective cylinder volume is calcu-
lated based on the basic target cylinder intake air amount and
the target intake air density is calculated based on the first
corrected vibration control target cylinder intake air amount
obtained by adding the first differential intake air amount to
the vibration control target cylinder intake air amount.

As described above, the first differential intake air amount
is the deviation amount of the intake air amount between the
actual cylinder intake air amount and the vibration control
target cylinder intake air amount caused by calculating the
target effective cylinder volume not based on the vibration
control target cylinder intake air amount, but based on the
basic target cylinder intake air amount.

Accordingly, this deviation amount can be eliminated by
calculating the target intake air density based on the first
corrected vibration control target cylinder intake air amount
obtained by adding the first differential intake air amount to
the vibration control target cylinder intake air amount.

Further, when the frequency f,,,, of the vehicle body
on-spring vibration is not below the intake response delay
frequency f,,,, the target intake air density is calculated
based on the basic target cylinder intake air amount and the
target effective cylinder volume is calculated based on the
second corrected vibration control target cylinder intake air
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amount obtained by adding the second differential intake air
amount to the vibration control target cylinder intake air
amount.

As described above, the second differential cylinder
intake air amount is the deviation amount of the intake air
amount between the actual cylinder intake air amount and
the vibration control target cylinder intake air amount
caused by calculating the target intake air density not based
on the vibration control target cylinder intake air amount,
but based on the basic target cylinder intake air amount.

Thus, this deviation amount can be eliminated by calcu-
lating the target effective cylinder volume based on the
second corrected vibration control target cylinder intake air
amount obtained by adding the second differential intake air
amount to the vibration control target cylinder intake air
amount.

By the above, according to the present embodiment, the
actual engine torque variation can be brought closer to the
targeted engine torque variation besides obtaining effects
similar to those of the first embodiment. Thus, as compared
with the first embodiment, vehicle body vibration can be
further reduced.

Although the embodiments of the present invention have
been described above, the above embodiments are merely an
illustration of some application examples of the present
invention and not of the nature to limit the technical scope
of the present invention to the specific configurations of the
above embodiments.

Although the vibration component of the vehicle body
on-spring vibration is detected by the vibration sensor 43 in
the above embodiments, an external disturbance in a front-
back direction acting on wheels due to a change of each
wheel speed may be, for example, calculated based on the
wheel speed of each wheel detected by a wheel speed sensor
and the vibration component of the vehicle body on-spring
vibration may be estimated according to this external dis-
turbance in the front-back direction.

Further, although the intake response delay frequency f,,
is calculated according to the operating state of the engine in
the above embodiments, the vehicle component may be
superimposed only on the effective cylinder volume in
advance without calculating the intake response delay fre-
quency f,,, regardless of the operating state of the engine 1
such as when the intake response delay frequency f,,, is
sufficiently higher than the frequency f,,,, of the vehicle
body on-spring vibration.

Further, although the target throttle opening and the target
intake air density are calculated based on the basic target
cylinder intake air amount and the vibration control target
cylinder intake air amount in the above embodiments, the
target throttle opening and the target intake air density may
be directly calculated from the basic target engine torque and
the vibration control target engine torque.

Further, typical aspects of the present invention other than
those stated in claims are as follows.

(1) A control device for internal combustion engine
mounted in a vehicle includes an intake air density control
device for controlling an intake air density in an intake
manifold of the internal combustion engine, an effective
cylinder volume control device for controlling an effective
cylinder volume of the internal combustion engine, basic
target torque calculation means for calculating a basic target
torque of the internal combustion engine according to an
operating state of the internal combustion engine, vibration
component detection means for detecting a vibration com-
ponent of the vehicle, vibration control target torque calcu-
lation means for calculating a vibration control target torque
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of the internal combustion engine to suppress vehicle vibra-
tion, and cylinder intake air amount control means for
controlling a cylinder intake air amount by controlling one
of the intake air density control device and the effective
cylinder volume control device according to the vibration
control target torque and controlling the other of the intake
air density control device and the effective cylinder volume
control device according to the basic target torque.

(2) The control device for internal combustion engine
described in the above (1), wherein the cylinder intake air
amount control means includes means for calculating a basic
target cylinder intake air amount based on the basic target
torque, means for calculating a vibration control target
cylinder intake air amount based on the vibration control
target torque, and means for calculating a control target
value of one of the intake air density control device and the
effective cylinder volume control device based on the vibra-
tion control target cylinder intake air amount and calculating
a control target value of the other of the intake air density
control device and the effective cylinder volume control
device based on the basic target cylinder intake air amount.

(3) The control device for internal combustion engine
described in the above (2) includes control target value
correction means for correcting the one control target value
calculated based on the vibration control target cylinder
intake air amount based on a differential intake air amount
between an estimated cylinder intake air amount obtained
when the intake air density control device and the effective
cylinder volume control device are respectively controlled to
achieve the control target values and the vibration control
target cylinder intake air amount.

(4) The control device for internal combustion engine
described in any one of the above (1) to (3), wherein the
cylinder intake air amount control means determines which
of the intake air density control device and the effective
cylinder volume control device is to be controlled according
to the vibration control target torque based on the vibration
component of the vehicle and a response characteristic of the
intake air density in the intake manifold.

(5) The control device for internal combustion engine
described in the above (4), wherein the cylinder intake air
amount control means controls the intake air density control
device according to the vibration control target torque and
controls the effective cylinder volume control device accord-
ing to the basic target torque when a vibration frequency of
the vehicle vibration as the vibration component of the
vehicle is below an intake response delay frequency
expressed by an inverse of a response delay time constant of
the intake air density in the intake manifold.

(6) The control device for internal combustion engine
described in the above (4), wherein the cylinder intake air
amount control means controls the effective cylinder volume
control device according to the vibration control target
torque and controls the intake air density control device
according to the basic target torque when a vibration fre-
quency of the vehicle vibration as the vibration component
of the vehicle is not below an intake response delay fre-
quency expressed by an inverse of a response delay time
constant of the intake air density in the intake manifold.

(7) The control device for internal combustion engine
described in any one of the above (1) to (6), wherein the
vibration control target torque calculation means calculates
a vibration control torque having a vibration component for
canceling the vibration component of the vehicle based on
the vibration component of the vehicle and calculates the
vibration control target torque by superimposing the vibra-
tion control torque on the basic target torque.
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(8) The control device for internal combustion engine
described in any one of the above (1) to (7), wherein the
intake air density control device is a throttle valve and the
effective cylinder volume control device is a variable valve
mechanism for an intake valve.
The present application claims a priority of Japanese
Patent Application No. 2012-135165 filed with the Japan
Patent Office on Jun. 14, 2012, all the contents of which are
hereby incorporated by reference.
The invention claimed is:
1. A control device for internal combustion engine
mounted in a vehicle, comprising:
a throttle valve provided in an intake passage of the
internal combustion engine and capable of changing a
cross-sectional area of the intake passage;
a variable valve capable of changing opening and closing
timings of an intake valve of the internal combustion
engine;
a basic target torque calculation unit configured to calcu-
late a basic target torque of the internal combustion
engine according to an operating state of the internal
combustion engine;
a vibration sensor configured to detect a vibration com-
ponent of the vehicle;
a vibration control target torque calculation unit config-
ured to calculate a vibration control target torque of the
internal combustion engine to suppress vehicle vibra-
tion according to the vibration component of the
vehicle detected by the vibration sensor; and
a cylinder intake air amount control unit programmed to
control a cylinder intake air amount by controlling one
of the throttle valve and the variable valve according
to the vibration control target torque and controlling
another of the throttle valve and the variable valve
according to the basic target torque;

compare the vibration component detected by the
vibration sensor to an intake response delay fre-
quency;

determine which of the throttle valve and the variable
valve is to be controlled according to the vibration
control target torque; and

control the throttle valve according to the vibration
control target torque when the vibration component
is less than the intake response delay frequency, and
control the variable valve according to the vibration
control target torque when the vibration component
is greater than the intake response delay frequency.

2. The control device for internal combustion engine
according to claim 1, wherein the cylinder intake air amount
control unit includes:

a basic target cylinder intake air amount calculation unit
configured to calculate a basic target cylinder intake air
amount based on the basic target torque;

a vibration control target cylinder intake air amount
calculation unit configured to calculate a vibration
control target cylinder intake air amount based on the
vibration control target torque; and

a control target value calculation unit configured to cal-
culate a control target value of one of the throttle valve
and the variable valve based on the vibration control
target cylinder intake air amount and calculate a control
target value of another of the throttle valve and the
variable valve based on the basic target cylinder intake
air amount.

3. The control device for internal combustion engine

according to claim 2, comprising a control target value
correction unit configured to correct the one control target
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value calculated based on the vibration control target cyl-
inder intake air amount based on a differential intake air
amount between an estimated cylinder intake air amount
obtained when the throttle valve and the variable valve are
respectively controlled to achieve the control target values
and the vibration control target cylinder intake air amount.

4. The control device for internal combustion engine
according to claim 1, wherein:

the cylinder intake air amount control unit determines

which of the throttle valve and the variable valve is to
be controlled according to the vibration control target
torque based on the vibration component of the vehicle
and a response characteristic of the intake air density in
an intake manifold.

5. The control device for internal combustion engine
according to claim 4, wherein:

the cylinder intake air amount control unit controls the

throttle valve according to the vibration control target
torque and controls the variable valve according to the
basic target torque when a vibration frequency of the
vehicle vibration as the vibration component of the
vehicle is below the intake response delay frequency,
which is expressed by an inverse of a response delay
time constant of the intake air density in the intake
manifold.

6. The control device for internal combustion engine
according to claim 4, wherein the cylinder intake air amount
control unit controls the variable valve according to the
vibration control target torque and controls the throttle valve
according to the basic target torque when a vibration fre-
quency of the vehicle vibration as the vibration component
of the vehicle is not below the intake response delay
frequency, which is expressed by an inverse of a response
delay time constant of the intake air density in the intake
manifold.

7. The control device for internal combustion engine
according to claim 1, wherein the vibration control target
torque calculation unit:

calculates a vibration control torque having a vibration

component for canceling the vibration component of
the vehicle based on the vibration component of the
vehicle; and
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calculates the vibration control target torque by superim-
posing the vibration control torque on the basic target
torque.

8. A control device for internal combustion engine

5 mounted in a vehicle, comprising:

10

15

20

25

30

35

a throttle valve provided in an intake passage of the
internal combustion engine and capable of changing a
cross-sectional area of the intake passage;
a variable valve capable of changing opening and closing
timings of an intake valve of the internal combustion
engine;
basic target torque calculation means for calculating a
basic target torque of the internal combustion engine
according to an operating state of the internal combus-
tion engine;
vibration sensing means for detecting a vibration compo-
nent of the vehicle;
vibration control target torque calculation means for cal-
culating a vibration control target torque of the internal
combustion engine to suppress vehicle vibration
according to the vibration component of the vehicle;
and
cylinder intake air amount control means for
controlling a cylinder intake air amount by controlling
one of the throttle valve and the variable valve
according to the vibration control target torque and
controlling another of the throttle valve and the
variable valve according to the basic target torque;

comparing the vibration component detected by the
vibration sensor to an intake response delay fre-
quency;

determining which of the throttle valve and the variable
valve is to be controlled according to the vibration
control target torque, according to the vibration
component of the vehicle;

controlling the throttle valve according to the vibration
control target torque when the vibration component
is less than the intake response delay frequency, and
controlling the variable valve according to the vibra-
tion control target torque when the vibration com-
ponent is greater than the intake response delay
frequency.



